An analysis of temperatures observed in the Antarctic stratosphere during the spring months of 1957 and 1958 showed the occurrence of large and sudden temperature fluctuations, which were quasi·periodic and progressed downwards from the highest observed levels to the low stratosphere. The characteristic features of the 20 km, high-latitude circulation accompanying these temperature fluctuations are shown by selected contour maps for the 50 mb level for the springs of 1957 and 1958. Similarities and differences of stratospheric events between the two springs are noted.
INTRODUCTION
The occurrence in the stratosphere of large and sudden temperature changes during late winter and early spring in northern latitudes has been the subject of much discussion since the "Berlin warming" was noticed in February 1952. On that occasion stratospheric temperatures between the heights of 25 and 30 km increased by 45°c in 48 hours (Scherhag, 1952) . In subsequent years several case studies have been made of similar large seasonal temperature changes in the polar and sub-polar stratosphere of the northern hemisphere (Lee and Godson, 1957; Teweles, 1958; Craig and Hering, 1959) . The fact that, in some years, the warming at high latitudes occurred in late winter before the return of the sun, favoured the conclusion that these sudden increases in temperature were due mainly to advection of warmer air from other latitudes, and to descending air motions. These processes were associated with the breakdown of the polar cyclonic vortex that dominated the high-latitude stratospheric circulation in winter, and with the disappearance of the "polar night" stratospheric jet stream. This zone of strong westerlies occurs on the boundary of the polar night, where strong horizontal temperature gradients develop as a result of the differential radiational heating inside and outside this boundary during the winter half-year. As the seasonal radiational changes due to the movement of the earth are symmetrical about the Poles, one would expect an even distribution of horizontal temperature gradients around the Poles and circumpolar zonal winds. This, however, is not the case around the North Pole, where marked departures from the zonal flow over preferred areas at high latitudes exist. Amplifications of waves in this zonal flow and the accompanying vertical and horizontal motions were used to explain the anomalous late winter warmings in the stratosphere (Teweles, 1958) . The wintertime Antarctic stratospheric vortex was shown to be more intense and more stable than that over the Arctic (Wexler and Rubin, 1956; Wexler, 1959; Palmer, 1959) , and it was expected that there would be marked differences between the two polar areas in the nature of the springtime stratospheric circulation changes.
Recently some interesting results on the seasonal latitudinal distribution of ozone for both hemispheres also pointed to significant differences between the two polar regions (MacDowall, 1960) . While in the northern hemisphere the maximum ozone amount during the spring occurs near the Pole, in the southern hemisphere this is found near latitude 50° in September and October, the maximum moving near the Pole only later in November and December. In the following an account is given of the temperature anomalies and the accompanying circulation features in the middle stratosphere during the spring seasons of 1957 and 1958. The Antarctic stratosphere responds to the disappearance of the sun during the winter by cooling to very low temperatures, in contrast to the troposphere, where the difference between mean summer and winter temperatures is small (Wexler, 1959) . It is thought that, while dynamic and meridional transfer processes balance the radiational cooling in the polar troposphere, the polar stratospheric circulation is very stable and meridional exchange processes are very limited, with the stratospheric polar jet stream acting as a barrier between the high and middle latitude circulations. The lowest monthly mean temperature at 50 mb occurs in August and temperatures begin to rise slowly afterwards as the sun returns. The northernmost boundary of the polar darkness at 20 km is 72-1° latitude, north of which there is some sunshine at this level every day. One month of darkness exists at 73° latitude, beginning with the second week of June, two months in latitude 75-l°, three months in latitude 79°, four months in latitude 84° and five months at the Pole. This latter period starts in April and ends at the beginning of September when continuous sunshine begins there. The latitude of the boundary of the 24 hours sunshine then decreases slowly to reach 70° by the end of October (Court, 1943) . The rate of cooling within the boundary of the polar night is rapid at first and slows down after July. It is interesting to note that the difference of the daily totals of incoming radiation between the Pole and the coastal latitudes of Antarctica is a maximum near the end of September, after which it rapidly decreases to zero in the second half of October, and the Pole receives slightly more radiation afterwards until the beginning of the autumn, (Schwerdtfeger, 1960, Fig. 3 ).
The polar stratospheric circulation at the beginning of the winter is dominated by a circumpolar cyclonic vortex, and owing to the differential heating of the regions inside and outside the polar night boundary, the horizontal temperature gradients and the associated zonal winds become stronger during the polar night. The breakdown of the system might be expected to occur after the return of the sun. The disappearance of the strong horizontal temperature gradients and of the associated jet stream does not occur normally until the middle of November, at about the same time as the amounts of incoming radiation become larger at higher latitudes as mentioned above. The springtime stratospheric warming, however, shows a more complicated structure than would be expected from mainly radiational heating.
Daily temperature soundings from the 200 mb level upwards, (approximately 11 km) are shown on time cross sections from September to November 1957 in Figs. 2-6 for five selected Antarctic stations.
The following points were noted: (1) Short-period quasi-periodic temperature fluctuations were superimposed on the springtime seasonal temperature changes, and these sudden fluctuations were similar to the northern hemisphere "explosive" warmings. (2) The sudden temperature changes first started at the highest observed levels and spread downwards, gradually losing intensity, and reached the lower stratosphere in the late spring, after which the temperature fluctuations became small. (3) Within the limits of accuracy of the cross sections the same phases of the temperature waves could be identified from station to station. There seemed to be a small lag in the west-to-east direction, changes at d'Urville following those at Mirny, and changes at Byrd Station following those at McMurdo.
(4) Temperature fluctuations appeared to be broader and less periodic over the Weddell Sea and Queen Maud Land than over the opposite side of the Antarctic at the same latitudes. At the 50 mb level the net warming during the three spring months ranged from 30 to 50°c. It was less in the initially warmer coastal regions from Mirny to Hallett, and greater in the cold areas inside the polar night boundary. Interdiurnal temperature rises of 15 ° and falls of lOOc were the extreme values observed at this level.
In the spring of 1958 the net seasonal warming again was accomplished by a sudden quasi-periodic temperature change starting above the 25 mb level (approximately 23 km). Compared to 1957, the 1958 spring temperatures were lower throughout the season and their observed fluctuations were smaller and less regular. At the Pole however, a spectacular sudden warming was observed during 22 to 24 October between the 5 and 30 mb levels (approximately 34 and 21 km). At the 25 mb level the magnitude of this two-day warming amounted to about half of the seasonal temperature rise (Fig. 7) . [Nov.
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.10 1801 120 appeared to be centred over East Antarctica some distance away from the Pole. The warmest temperatures occurred over d'Urville and over a wide latitude belt between d'Urville and southern New Zealand, and this was also the area that showed the first rapid warming, while the rest of Antarctica continued to warm at a very slow rate only (Figs. 9 and 10) . A strong jet stream accompanied this development of strong horizontal temperature gradients, and the vortex centre appeared to have split into two. The circulation at the date of the peak warming at d'Urville in the last days of September 1958 is shown in Fig. 19 for comparison. The position and intensity of the polar vortex was similar in both cases. Fig. 11 shows the situation during the cooling period that followed the first warming over the same latitude zone at the beginning of October 1957. The temperature cross sections Figs. 2 and 3 show clearly that this cooling and the second warming started at Mirny a few days earlier than at d'Urville. By the date of Fig. 12 the second warming period had reached its maximum intensity, and the circulation showed again a single vortex centre situated over the area between the Pole and Ellsworth stations. It was weakening slowly, but changed its position little during the rest of the month. It is interesting to compare the situation in Fig. 12 with the circulation on 24 October 1958 shown in Fig. 20 , which was the date when the maximum temperature at 50 mb. over d'Urville for the 1958 spring season occurred and was near the onset of the very intense warming at higher levels over the Pole. In both maps a strong ridge seemed to appear between the New Zealand and the Antarctic coasts, while the polar vortex centre retreated towards the Weddell Sea in 1957 and in the direction of Queen Maud Land in 1958. During the following third cooling and warming cycle in the last week of October 1957 (Figs. 13 and 14) , this ridge gave way to a trough, followed by the formation of a similar ridge in the same area. The circulation showed similar features in 1958 although the periods between cycles were much longer. The fourth and final warming in the first week of November 1957 (Fig. 15 ) mainly affected the Pole and the areas towards the Weddell Sea at this level, with the result that the horizontal temperature gradient between the Pole and lower latitudes reversed, the circulation about the polar vortex broke down, and the small cold vortex centre moved northwards off the Weddell Sea coast (Fig. 16) .
In the 1958 season the break-up of the polar vortex occurred later than in 1957, and the final disappearance of the cold centre from over the continent occurred only in the last days of November (Fig. 21) .
In both years a polar cyclonic vortex dominated the circulation at the lower stratospheric levels also (Alt, Astapenko, and Ropar, 1959) . In the troposphere the circulation tended to become more complicated with the appearance of smaller cyclonic cells. The coldness of the Weddell Sea side of Antarctica and the Argentine Island region, compared to the Adelie Land and Ross Sea areas, seemed to be a general feature of the stratospheric circulation in all seasons in contrast to the conditions in the troposphere, where no such semi-permanent cold or warm areas could be distinguished throughout the year. 
